To determine whether the presence of depression predicts higher rate of progression to Alzheimer disease (AD) in patients with amnestic mild cognitive impairment (aMCI) and whether donepezil treatment beneficially affect this relationship.
For many patients, mild cognitive impairment (MCI) 1 represents a transitional state between normal aging and dementia. Clinically, MCI was originally defined by subjective concerns and clinical determination of memory deficits in the absence of significant global cognitive and functional impairment. 1 Annual progression rates from MCI to dementia range from 5% to 32% 1-3 depending on the specific study populations examined and the particular diagnostic criteria applied. Clinical outcomes for MCI can vary greatly, including progression to Alzheimer disease (AD), progression to non-AD dementias, stable cognitive impairment, or reversion to normal cognition. Such variability highlights the heterogeneity of this condition.
Much of the current research in MCI focuses on identifying risk factors that may be predictive of progression to dementia. Early therapeutic intervention in high-risk MCI subjects may potentially delay or even prevent the onset of dementia. Approaches incorporating neuropsychological testing, 4, 5 structural and functional neuroimaging, [6] [7] [8] and CSF biomarkers 9 have demonstrated varying degrees of success in predicting which subjects with MCI will subsequently progress to AD.
Examination of neuropsychiatric symptoms has also yielded promising results in identifying patients with MCI at high risk of progressing to AD. Cross-sectional studies indicate that behavioral disturbances are frequently reported in MCI, and the overall pattern of psychopathology is similar to that seen in mild AD, with depression, apathy, anxiety, and irritability among the most commonly exhibited symptoms. [10] [11] [12] Several longitudinal studies of MCI and normal elderly populations suggest that depression and apathy, in particular, may represent prodromal symptoms of AD that are indicative of subsequent dementia, [12] [13] [14] [15] although not all investigators have confirmed these findings. 16, 17 Symptoms of depression were assessed as a secondary outcome measure as part of the Alzheimer's Disease Cooperative Study (ADCS) trial of donepezil (Aricept; Pfizer, New York, NY, and Eisai, Tokyo, Japan), vitamin E, and placebo in patients with MCI. 4 The longitudinal aspect of the 3-year treatment study represents a unique resource for confirming the utility of depressive symptoms for predicting progression from amnestic MCI (aMCI) to AD. In addition, some studies have suggested a favorable impact of cholinesterase inhibitors (ChEI) on behavioral symptoms in patients with AD 18, 19 ; thus we also investigated whether donepezil treatment modified the relationship between depression and time to progression to AD in patients with aMCI.
METHODS Clinical trial registry information. This trial is registered at the ClinicalTrials.gov Web site with the following identifier: NCT00000173.
Participants. The study rationale, design, and participant characteristics for the parent study have been previously described in detail. 3 Briefly, 769 participants were recruited from 69 ADCS sites in the United States and Canada. All subjects were between 55 and 91 years of age (inclusive) and met criteria for aMCI of a presumably degenerative nature (insidious onset, gradual progression), defined as 1) subjective memory complaint corroborated by an informant, 2) insufficient global cognitive and functional impairment to meet National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) criteria for probable AD, 20 3) Logical Memory (one paragraph) delayed recall score 21 1.5 SD below education-adjusted normative means, 4) Clinical Dementia Rating (CDR) 22 score of 0.5, and 5) Mini-Mental State Examination (MMSE) 23 score Ն24.
During the screening visit, participants were excluded if they obtained a score of greater than 12 on the Hamilton Depression Rating Scale (HAM-D) 24 or a modified Hachinski score of Ͼ4. Subjects meeting the entry criteria proceeded to a comprehensive evaluation that included a detailed medical history from the subject and a collateral source and they were excluded if they had been diagnosed with major depression or another psychiatric disorder as described in DSM-IV within the past 2 years. Additional exclusion criteria include history of significant cerebrovascular disease; CNS infarct, infection, or focal lesions of clinical significance on CT or MRI; medical or psychiatric conditions that could interfere with study participation; pregnancy, lactation, or childbearing potential; or taking vitamins or other supplements. Subjects may take stable doses (at least 1 month prior to screening) of antidepressants lacking significant anticholinergic side effects. The evaluation also determined whether the aMCI was of a presumably degenerative nature as characterized by insidious onset and gradual progression.
The study design was a randomized, double-blind, parallelgroup comparison of vitamin E (2,000 IU) or donepezil (10 mg) with placebo. The study was conducted according to Good Clinical Practice guidelines, the Declaration of Helsinki, and the US Code of Federal Regulations Title 21 Part 50 (Protection of Human Subjects) and Title 21 Part 56 (Institutional Review Boards). Written informed consent was obtained from all participants and study partners. A data safety monitoring board reviewed the blinded safety data every 3 months during the trial.
Outcome measures. The primary endpoint was the time to diagnosis of possible or probable AD according to NINCDS-ADRDA criteria. 20 When the clinical diagnosis of AD was made, all cognitive and functional data were sent to the ADCS Coordinating Center and forwarded to a five-member central review committee for a consensus diagnosis.
Clinical variables. Subjects were administered the Beck Depression Inventory (BDI) 25 at baseline and every 6 months thereafter. The BDI is a 21-item questionnaire of depressive symptoms presented in Likert scale multiple-choice format. The BDI was modified so that the study partners reported on the subjects' symptoms (i.e., simple word changes from "I" to "The subject"). The maximum possible score is 63, with higher scores indicating greater severity of depression. A score of Ն10 is often considered elevated and indicates the possibility of clinically significant depression.
Statistical analyses. Differences in the means of continuous variables were tested by the Kruskal-Wallis rank sum test. Differences in proportions were tested by Fisher exact test. Cox proportional hazard regression was used to test the ability of baseline BDI score to predict time to progression to dementia after controlling for age at enrollment, APOE genotype (presence or absence of an 4 allele), gender, treatment group, NYU paragraph delayed recall score, and MMSE score. In the Cox model, subjects were censored at time of early withdrawal (n ϭ 231) or completion of the 36-month follow-up interval without progression to dementia (n ϭ 324). The remaining 201 participants were observed to progress to dementia during the trial. Covariates that did not meet proportional hazards assumptions based on a p value of less than 0.05 on the Schoenfeld residuals test of nonproportionality were controlled for in the analysis by stratification. Analysis of the rate of early study withdrawal revealed that the dropout rate was independent of depression for the overall sample ( 2 contingency table p ϭ 0.48) and within each treatment group ( 2 contingency table p Ͼ 0.18).
Kaplan-Meier curves summarizing by treatment arm the probability of survival as a function of years into the trial were produced for various subsets of the study sample. We did not use the Cox model to test for treatment effects because proportional hazards assumptions did not hold. 3 Instead, pointwise z-tests (the difference in proportions divided by the standard error of the difference) were used to compare estimated survival (to diagnosis of possible or probable AD) rates between the treatment arms at specific time points on the Kaplan-Meier curves (at 0.7, 1.2, 1.7, 2.2, and 2.7 years). 3 All analyses were performed in the statistical programming language R.
RESULTS Baseline characteristics.
Of the 769 aMCI participants, 756 completed the BDI at baseline and were included in the present analysis. At the onset of the trial, 208 participants met criteria for depression (BDI score of Ն10); the remaining 548 scored within the normal range (BDI Ͻ10) and were classified as nondepressed. Baseline demographic characteristics of the study sample are summarized in table 1. The depressed and nondepressed groups had similar mean age, years of education, and sex, ethnicity, and APOE distributions. Baseline MMSE and ADAS-Cog scores were also similar between the two groups. Depressed subjects had significantly lower NYU paragraph recall scores; therefore, this score was included in the subsequent Cox model.
Effects of depression on progression to AD.
The relationship between BDI scores at baseline and progression to dementia was investigated with Cox proportional hazards regression controlling for age at baseline, gender, APOE genotype, NYU paragraph delayed recall score, MMSE score, and treatment group. MMSE score and treatment group did not meet proportional hazards assumptions (p Ͻ 0.05 using the Schoenfeld residuals test for nonproportional hazards). Therefore, we stratified the analysis on MMSE score and treatment group. After stratifying on these two variables, diagnostics for the remaining variables were unremarkable and consistent with the Cox proportional hazards assumptions.
In the final model, gender was not associated with progression to dementia, while age, APOE genotype, and BDI score were significantly associated with progression from aMCI to AD (table 2) . Each year increase in age was associated with a 3% higher hazard for dementia, the presence of an APOE 4 allele was associated with a twofold higher hazard, and each point higher on the baseline BDI was associated with a 3% higher hazard of progression to AD. Adding age by BDI interaction term or APOE by BDI interaction term did not improve the model fit (p for interaction Ͼ0.18).
Effect of donepezil treatment on progression to AD in depressed group. Within the depressed group, demographic and baseline global cognitive performance within the depressed group did not significantly differ among the three treatment arms (table 3) . The survival curves of the three treatment groups closely resembled each other during the first year of study ( figure) ; the donepezil group began to separate slightly from the vitamin E and placebo groups after 1 year and quite dramatically after 1.5 years of study. Because the survival curves did not differ between the vitamin E and placebo groups in either the larger sample 3 or this depressed subsample, these groups were combined to increase the power of the analysis. Pointwise z-tests show that among those with depression, the proportion progressing to AD was lower in the donepezil group than the pooled vitamin E and placebo groups at 1.7 years (p ϭ 0.023) and at 2.2 years (p ϭ 0.025), and marginally lower at 2.7 years (p ϭ 0.070). At 1.7 years, 11% (8 of 74) of the subjects in the donepezil group and 25% (34 of 134) of the subjects in the combined vitamin E/placebo group had progressed to AD. At 2.2 years, 14% of the subjects in the donepezil group progressed to dementia compared to 29% in the combined vitamin E/placebo group. At 2.7 years, the percentage of participants who progressed to AD was 18% for the donepezil group and 32% in the combined vitamin E/placebo group. Table 4 provides the means and standard deviations of the BDI scores of the three treatment groups across the study visits, indicating that the BDI scores remained relatively stable across the study visits and were not significantly different among the three treatment arms. Random effects modeling did not yield any treatment group by visit interaction on BDI scores (p ϭ 0.87).
Effect of donepezil treatment in the nondepressed
group. Contrary to the pattern observed in the depressed group, the Kaplan-Meier survival (to diagnosis of possible or probable AD) curves for the nondepressed participants showed that patients who received donepezil treatment initially exhibited a slight advantage with regards to slower rate of conversion compared to the vitamin E and placebo groups, but after 1.5 years, the curves for the three groups began to merge and by 2 years, the three curves are virtually indistinguishable from each other.
DISCUSSION
The results from this 3-year, longitudinal clinical trial study reveal that depressive symptoms are predictive of progression from aMCI to clinical diagnosis of AD. Each point increase in the BDI was associated with a 3% higher risk of progression after controlling for other major clinical risk factors for AD (i.e., age, APOE status, and baseline memory function as measured by the NYU delayed paragraph recall test). The present study further demonstrates that donepezil treatment delayed the progression to AD among depressed subjects, and the Values are mean (SD).
difference in the proportion surviving without AD between donepezil group and the pooled vitamin E and placebo groups was significant at 1.7 and 2.2 years and marginally significant at 2.7 years. This treatment effect was specific to the depressed group and not observed in the nondepressed participants. The present findings show that the increased risk for progression to AD conferred by the presence of depressive symptomatology in aMCI subjects can be modified by donepezil treatment. These results are analogous to the finding of reduced risk of progression to AD among APOE 4 carriers treated with donepezil. 3 Therefore, while APOE 4 allele serves as a genetic marker related to the onset of AD and favorable response to donepezil therapy, the presence of depression may represent a phenotypic marker contributing a similar predictive function and response to donepezil. The increased incidence of AD associated with neuropsychiatric symptoms, particularly depression and apathy, has been demonstrated in several prior studies of elderly subjects with normal cognition or community-residing and memory disorder clinic MCI subjects. [12] [13] [14] [15] However, the mechanism underlying this relationship remains incompletely understood. In AD, the development of depression may be the consequence of the underlying CNS pathology, namely the selective loss of noradrenergic cells in the locus ceruleus and possibly the serotonergic raphe nuclei. [26] [27] [28] Functional and structural neuroimaging studies in subjects with AD have correlated the presence of depression and apathy with atrophy, hypoperfusion, and hypometabolism in the frontal cortex and anterior cingulate. [29] [30] [31] It is possible that depressed patients with aMCI constitute a distinct subpopulation that more often represents early stage AD and already exhibits similar pathophysiologic changes associated with AD, including those contributing to the depressive syndrome.
The predictive value of neuropsychiatric symptoms for progression to AD raises the possibility that interventions aimed at reducing depressive symptomatology may affect the subsequent outcome of aMCI. Unfortunately, there is no clear evidence favoring cognitive benefits in treating behavioral abnormalities in MCI. Two small studies addressing this question failed to detect improved neuropsychological testing performance following treatment of depressive symptoms. 32, 33 Moreover, depression in patients with MCI, particularly those who subsequently progressed to dementia, was more persistent and possibly refractory to antidepressant therapy. 13, 32 The current analysis suggests that donepezil may delay progression to AD in patients with aMCI without impacting symptoms of depression.
Even though some studies have suggested a favorable impact of ChEI on behavioral symptoms of pa-tients with AD, 18, 19 others have failed to achieve a similar finding. 34, 35 A recent study on rivastigmine treatment in patients with MCI did not show any significant benefit across a broad range of neuropsychiatric outcomes. 36 The results from the present study indicate that donepezil reduced the risk of progression to dementia in a subgroup of aMCI depressed patients. However, this effect was not mediated by the reduction of depressive symptomatology as there was no indication of differences in BDI scores across treatment groups throughout the study period. Neuropathologic studies have demonstrated that subjects with MCI show little or no cholinergic deficits, 37, 38 which may explain the modest to minimal effects of ChEI in the MCI trials. 3, 36 The presence of depression, which has also been associated with cholinergic hypofunction, 39 may indicate more severe cholinergic deficit resulting in the increased response to ChEI treatment. Alternatively, depression may be a symptom of cholinergic hypofunction and an indicator that the prodromal AD process has advanced to the stage that cholinergic pathways are affected by the disease and are responsive to ChEI treatment.
The strengths of this study include the prospective design with multiple direct assessments of depressive symptomatology, a large treatment-based cohort, and uniform operational definition of aMCI. Several important study limitations should also be acknowledged. Patients with clinically significant depressive symptoms were specifically excluded from the study. These symptoms are now recognized to be prevalent in patients with MCI and have predictive value in identifying individuals at higher risk of progressing to AD. Inclusion of depressed patients might yield even more robust treatment effects. The use of a surrogate reporter might also challenge our results but was required to accommodate for the memory deficit of patients with aMCI.
With regards to additional study limitations, all clinical trials have a propensity toward selection biases in general level of health and education and may not be representative of most community populations. Also, the predominantly Caucasian sample limits the generalizability of the results to other ethnic groups, and the p values for the z-tests comparing survival rates between treatment arms were not adjusted for multiple comparisons. It is interesting to note that despite efforts to screen out patients with clinically significant depression, BDI scores still ranged up to 34, which is indicative of severe depression. The dissociation between HAM-D, which relied on subjects' self-report, and BDI scores, as rated by the study informant, is not a unique observation. The HAM-D scores from the screening visit and baseline BDI scores were weakly correlated (Spear-man rho ϭ 0.25, p Ͻ 0.001) with minimal shared variance (6%), and discrepancies between self and observer ratings of depression have been well documented. 40 A recent study also reported the presence of behavioral symptoms in an MCI sample, as detected by the Neuropsychiatric Inventory, after similar screening procedures and subsequent exclusion of clinically depressed individuals. 36 Interestingly, in that study the presence of apathy at baseline was significantly associated with progression to dementia. While it is possible that the "depression" exhibited by the current sample may represent apathy rather than dysphoric mood, the BDI used to document depression contains only two items pertaining to apathy; therefore, it is unlikely to be a major contributor to the overall score.
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